Abstract. The electric field distribution characteristic of ±535kV hybrid HVDC circuit breaker is calculated with the finite element analysis method for electrostatic. The electric field of the component and shielding system is calculated by adding the DC withstand voltage test voltage, and the electric field of valve support is calculated by adding the valve support DC withstand voltage test voltage. Calculation results show that the maximum electric field of ±535 kV HVDC circuit breaker tower is 2.748kV/mm which meets the requirements of electric control value 3kV/mm. The conclusion provides a support for insulation structure design of the ±535 kV hybrid HVDC circuit breaker, which has important reference value.
Introduction
In voltage source converter-High voltage direct current (VSC-HVDC) system, when DC side ground fault occurs, the capacitor discharges rapidly, the system short-circuit current can reach 10kA orders within 1 milliseconds after fault, therefore it is necessary to install fast DC circuit breaker on the DC side to limit and cut off the fault current, and its development has become the bottleneck that restricts the development of DC power grid [1] [2] .
In this paper, taking XJ Group Cooperation independently designed 535kV hybrid HVDC circuit breaker as research object, using electrostatic field finite element numerical method for solving electric field of valve tower components, shielding system and support insulator [3] [4] [5] [6] [7] [8] [9] .
The Working Principle and Finite Element Model of Hybrid HVDC Circuit Breaker
The Working Principle of Breaker The ± 535kV hybrid HVDC circuit breaker topology is shown in Figure 1 . The hybrid HVDC circuit breaker consists of three branches, and the electronic switch adopts diode and IGBT hybrid topology. When operating normally, DC current flows through high speed mechanical switch and main electronic switch. When the breaker is open, the branch circuit switch is shut off first, and the current is transferred to the branch circuit completely, then the high-speed mechanical switch is open later. When the mechanical switch is fully open, the main electronic switch will be shut off, and the mechanical switch fracture will withstand the overvoltage and the arrester will absorb the energy.
Finite Element Model of Valve Tower
± 535kV hybrid HVDC circuit breaker adopts layered structure, the first layer is main electronic switch branch, and the second layer to the fifth layer is current transfer branch. The finite element model of valve tower built in ANSYS software is shown in Figure 2 . 
The Criterion of Corona Electric Field
In practical engineering, the Peek formula [8] is usually used to calculate the field intensity of a cylindrical conductor:
The Eq. 1 corresponds to the positive voltage, and Eq. 2 corresponds to the negative voltage. In the equation, E is the electric field intensity of the air in kV/mm; r is wire radius in cm; m is the surface roughness coefficient (less than 1).
At present, there is no uniform standard for the field intensity of the electrode in the valve hall [5] , and the breakdown field intensity of the air is generally agreed to be within the range of 2~3 kV/mm. Circuit breaker valve located in the valve hall, outside the influence of pollution weather, we select 3 kV/mm as for surface corona field criterion for electrode in hall. We calculated the electric field of shielding system with the 1 min test voltage of DC withstand voltage test between valve terminal and of valve support. As can be seen from Figure 5 , The larger position of electric field of shielding case focused on the inverted rounded corner of the radius and maximum value is 2.748kV/mm.
Space Electric Field Distribution of Valve Support
The valve support adopts the composite insulator, and the electric field of the insulator and the electrode is very large without corona rings. Therefore, installing the corona ring is the most direct and effective method to improve electric field distribution of insulator. We calculated the electric field of valve support with the 1 min test voltage of DC withstand voltage test of valve support. As can be seen from Figure 6 (a) that the maximum position of the valve supports is in the metal joint of the oblique insulator, and value is 2.221kV/mm. As can be seen from Figure 6 (b) that the maximum position of the support insulator is at the top of it, and value is 1.205kV/mm.
Conclusions
In this paper, the insulation structure of 535kV hybrid HVDC circuit breaker is studied from the point of view of electric field, calculation results are as follows:
1) The maximum position of electric field of valve component is in the cross position of metal beam and the insulation beam and value is 1.404 kV/mm.
2) The larger position of electric field of shielding case focused on the inverted rounded corner of the radius and value is 2.748kV/mm.
3) The maximum position of valve support is in the metal joint of the oblique insulator, and the maximum is 2.221kV/mm.
To sum up: the maximum electric field around the electrode and insulator is smaller than the electric field control value of the electrode surface 3kV/mm. Therefore, the valve tower insulation structure design has enough clean air distance to meet the requirements.
